In this article, we construct a general series for 1 p : We indicate that Ramanujan's 1 p -series are all special cases of this general series and we end the paper with a new class of 1 p -series. Our work is motivated by series recently discovered by Takeshi Sato. r
Introduction
In [12] , Ramanujan recorded a total of 17 series for 1=p; one of which is Ramanujan did not indicate how he arrived at these series but instead hinted that some of these series belonged to what are now known, after the work of Berndt et al. [2] , as ''the theories of elliptic functions to alternative bases''. Ramanujan's series for 1=p were not extensively studied until around 1987. The Chudnovskys succeeded in extending Ramanujan's list of series and derived the following series which they used to compute over a billion digits of p: For a recent discussion of the Chudnovskys' series, see [3] .
In [6] , the Borweins provided rigorous proofs of Ramanujan's series for the first time and derived many new series for 1=p: Both the Borweins and the Chudnovskys admitted that Clausen's identity, namely, [6, p. 188] 2 F 1 a; b; a þ b þ
plays an important role in their derivations of such series.
In this article, we will derive a general series for 1=p without using Clausen's identity. We will show that all the existing series for 1=p are special cases of this general series. We will then specialize our series further to derive new classes of series for 1=p: In particular, we will show that
Our work is motivated by the following series discovered recently by Takeshi Sato [13] :
The above series shows that Clausen's formula is probably not needed in the derivation of Ramanujan's series since there are no Clausen-type transformation formula for series such as where
In the next section, we will illustrate how we derive the fourth class of series without using Clausen's identity. We will then give a new proof of (1.1). 
3 Our x given here is equal to the x given in the Table 1 . 4 The calculations are tedious but straightforward.
where the operator
then (3.4) yields a recurrence relation satisfied by A k and we deduce immediately that
In other words, we find that 
Squaring (3.7), we deduce that 
Differentiating the above relation with respect to Y and substituting the result into (3.8), we obtain an expression of M 3 in terms of X and Y : Differentiating the resulting relation with respect to X and using (3.11) and (3.12), we conclude that
and
This gives Ramanujan's series (1.1).
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A new class of series for 1=p
From the last section, we find that in order to derive a new class of series different from that of Ramanujan, one needs to seek new pair of functions X and Z: In this section, we will construct a new class of series for 1=p and derive (1.3) . Series similar to (1.3) where all the coefficients in the sum are rational are very rare. It turns out that Ramanujan nearly exhausted all these series in [12] . The Chudnovskys 6 and the Borweins 7 constructed several such series for 1=p associated with the first and second type of series in Table 1 , respectively. Recently, Chan et al. added a total of six such series [8] associated essentially to the third type of series in Table 1 .
Let Substituting (4.7)-(4.9) into (4.4) and simplifying, we immediately obtain the differential equation
where
For an alternative proof of (4.10), see [16] . It remains to establish (4.5) and (4.6). From definition (4.3), we find that
Identity (4.6) then follows immediately from [4, Lemma 10.3, (10.4)]
To prove (4.5), recall from [7, p. 200 This is the analogue of (3.6). From (4.6), we find that
ð4:12Þ
Combining (4.12), (4.11), (4.6) and (4.1), we conclude that
which is (4.5). Now, from (4.10), we conclude that if
then A k satisfies the difference equation With these values, we conclude that a
Substituting these values into Theorem 2.1 yields (1.3).
